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(57) ABSTRACT

The present invention 1s generally directed to various meth-
ods of forming conductive through-wafer vias. In one 1llus-
trative embodiment, the method comprises providing a layer
of semiconducting material, forming a layer of metal on a
first side of the layer of semiconducting material, forming an
opening 1n the layer of semiconducting matenal to thereby
expose a portion of the layer of metal, the opening extending
from at least a second side of the layer of semiconducting
material to the layer of metal, and performing a deposition
process to form a conductive contact in the opening using
the exposed portion of the metal layer as a seed layer. In
another 1llustrative embodiment, the method comprises pro-
viding a layer of semiconducting material, forming a first
layer of insulating material on a first side of the layer of
semiconducting maternial, forming a layer of metal on the
first layer of 1insulating material, forming an opening in the
layer of semiconducting matenial and the first layer of
insulating material to thereby expose a portion of the layer
of metal, the opening extending from at least a second side
of the layer of semiconducting material to the layer of metal,
and performing a deposition process to form a conductive
contact 1n at least the opening using the exposed portion of
the metal layer as a seed layer.

26 Claims, 6 Drawing Sheets

42 4

30



U.S. Patent

11

10A

17

15A

12

19

17

13

e

"l'
¥,

- 9§
o

i

&
*

el K

L

» P
& 4
i*?‘! & & &

e

K3

'n
s

Sep. 4, 2007

Sheet 1 of 6

AN

-
LN
- -
-
-. e
-wm
L N
-
rum
-
LN N
-

]
&+ mwu
- -
amwm
[ X K
.=
.=
-

."
.

.-
-m =
-
LR K J
EE
L K g
LR N |
EE

L . R . |
k= ¥ & P
OO

L
>
i

w
n
‘e

- -k
[ ]
LE T
LI N
re=

» ¥ %
WO

- -
-
- -
aEmm
-
-
- .
a -
'E ]
anw
-
LR N |
'
LR N

L R
SO0

5 9 = ¥
tevetele

¥
4

Fw W owt w W Y w e u
& L 3
F N

L
#»

4

"-' W W
ol b
MU NI A

- am odm o
4Em
amm
amm
4.
LN
-Emm
-
- .
&
amm
amm

s : .... "l' "“""

L0

4.
amm
amm
4 B m
4 & m

P
FNCSE N
Fa ‘.-l.‘.l.

‘.F-

L
* 4

»*
-k

"
o’
E

T &N A F ot wEm ey e = ww r e s T m-

r ‘-‘i*' L l.1‘+ "'*'.# - - r - [ ] [ ] [ ] - Ll - -+ - ol 4 - - - - » n ] [ ] L ] L] L] -
S O N N S M S N0 i M M M M M IO
PSS S SO S S SO N SN
ST T O N S o e S S S 3 0 N S O S S
N S N S SO O S S S S S S S SO SO S SN SSPAAAANN
P N O S S S S S M YO N S SO S WSSO
ettt et o e e ot ettt ettt et e e ettt e Nttt

admadddbrrrirryrrerFaTFrS I AR AR AR AN SRARFFRERE Ry A rFE R EE RN R kel
LR R A R N L EERE L ARSSEEERERLELETRERERLYERETYRERENE NN ERE FE TR RN R g g R R i i priprarepe,
LE RN L 3 LR RS L L LR LAY RE SR RLELRELERE NETREERERE RN TERE R RN RN F-F RN Rgr g g e g i Ry ey

e
- am
-
-
- .-
sawm
-
- om e
-
-a-
-a=e
-—am
EEEE
-
- -
- .
»-am .
- m
-
o
- -
---
FE X N
-
-nae
=Em
-mmm
-
-
-
-na
-n.m
-
- -
- &
T r
-ame
-maan
-

-
---
-
LT E ¥
A
-,
- -
-a. s
- .
- a-
-a -
-
- .
- - -
-amm
-
- e

- . !*I'

|

222X
-.-- ‘
En 0307

-------- '-*——""--'---‘-‘l.----‘--::::

* LE N B & NN N ELALILENRZSL L ENBRELNELELENISRELEREELYN FETEFE FEFEFFEFEFETETE FETR EFERT EEEER BT R O g,y ‘.“
LA A R N B BN LB L LR LR LERSLARLELENSELERSENE I FERNFEREE SN YRR I R T I R Y AR TR RN RN IR ERETY] . "

*
»

& b .
L N,

- ¥
-, ¥

&+

- ww * '.

L
‘o'

LR R R L LR BELER LN ERNRERTEFERRERNEZEN BT T I NN F O e oy "'..
EEEmaam s gE ERLELEE R AEE R LA odr ki mor T W N BT TE W E S E T S ETEE SN EwE .......'-..'...-.. ‘l
FEEE FFTTIALAESIEENFEdAALRRAGESAERFsrpedu i e R E A ATAT SR ERAEESARERAdRR RGBTt dr A ben R EFEY ‘_ '.
1 44N EEFENTEE ASAAAERRdAFdALAd A b mbhnyd s Y SRR IS I AR AR A AN L SRS FA A AR RSy arF T T I E D W ‘_ '.

"'i.‘"l"l"l'""'1'"'l".‘f"""li'i"'ii"iii'fi"*‘*'f"‘"

&

L N N L L i e el el el 0 O )

P

LU

-
e

&

e

‘1

- _w
'l"'l'
.

>

o
R
Fs Sl

o
F Y

-
&

”
s
s

ratetes

&
o

atoletete st}

-
i

M
&

‘-i

O W e
P S S

e
50

-
*:‘:‘:':‘
» ¥ .

R L L G L R L L

‘I"

el 3L i‘l‘i

>
el

e
L
i

]
‘1
A

e
»
b

LI R N

' (PR R B LA RERE REELER BY ERERE LT N A R T R FE A R L BT R R L R R s R L RS Y E T T Y
.‘. L L BR L AN L EE R R L NRENE NE LN E NN R TR W I g g e g g ey S R g gy Sy

L L R O O 0 el el O N M e

0000200000000 G
SO ASANAANSRARAREAAAAAASAANAAAA
L P L A R L I R G N DG L L RS N P UK C D6 2 0 3 L)

L ]
P S S S W S S0 S G S A A AR ML IR I DAL A JC I I

»

e

¥

b

LR L A Sl A R R A Al B R A E R L E L ER S ELEREREIEFEREEENERYENETEREREN Y] LA E T AR F T R TR E TR "‘.

ARk i *

LA B N
EEaw
LE B N

-~ -
-
A A

¥
LI ]
= & .
L
-a mm
mEEEE
FaE-EE
- u =
-u -

-
rhrww
-
L Y
LR I
-
- e A
- -
Y]
--—-
aaEEa
& a aa
-a =a
mEFrma
- -
"rmw
LE N 1]
ErEw
LEN R

it 4" &
- wa .-*"..
e 0
- p e .-‘_.“

: : L L *‘*‘l

FEALAFEERALE Frwr rr RS A A A AR R PP F PRI F I AR IR TR P RN A NI N AR A AR R ‘ ‘
LA R TR PR RNFEREFENE NELRY FW AT A g ey
FPvd diwrarFrsrsawr s FEEEBAEN Adgd Frrr st FA A A AAR AN Akt d b r et e A NP P FEE PSR ER R R R ‘:-":‘-

1-1----I'I"I"I":wili-v--ilrill-i-l--ir-----rq-----qu.""
ST TATATE N
ﬂﬂﬂﬂhhhhﬂhﬂﬁhﬂﬂq¢¢¢¢QQQQQQQQQQQ¢Q¢¢¢¢¢¢§
L I e e e S e S e I M O MO S MM YO M Y M WM

: ‘ﬂ#ﬂ#ﬂﬂgﬂﬂgﬂﬂﬂgﬂﬂﬂﬂ#ﬂﬂ
OO OOOOODOOO I SOOI B N

- el B N W W

LA L R R SR AR A A L EAR SRS ERERLE L KB B g R o o o R o R g S g S g J g g Ry "‘.
l-III"'I‘I'--l---"----‘"1“'..*‘-"-*#-.!'llllll-llllllillulilil-'iii-i--.-i--.-i-q-|-q _..
samddarlrrra i o SR SRS S R odrd Pw R ok N O h e e B W R NS W W OW N NN N AN N N B ‘ *

b ¢ 0
¥
.-l--
pieiel _§_#
) ¢
i 4§
.‘-‘ll# '.
il
"."

-r vy
* F &
LN E
(AW T
R T
- = o
LA ]
LB N L]
e
LN N ¥
Ao
LI R
L N F |
-
werwwr

AN

-
-—

12

17

13

17

US 7,265,052 B2

10A

15C

Figure 1

(Prior Art)

158



U.S. Patent

Sep. 4, 2007

Sheet 2 of 6

24

------------------------------------------------------
------------------------------------------------------
-------------------------------------------------------
- a
Fd F

------------------------------------------
mhAd B BNl prpga gyl FFE R T E S r T Em TR L -
..........................................

llllllllllllllllllllllllllllllllllllllllllllllllll

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

26

s

llllllllllllllllllllllllllllllllllllllll

e

4

X
L BERK |
- e
" m
= aaa
" am
Fdom &
[ |
L BN |
e
a .
LI
.
r
4
i i
e ] [
w . dom ok
o e
+unm i
i rrer
T -y
PR
v rE=
- LI
"=
LB N
ik ma rrr
A Ao o
[ o
a4 Em o,
Y N F R
oo
rrr
P -
h - m A
=rr
--
-
T
-

IR -
" s m kRN =
LI I I I L -
L B -- - r r

- I . i1 SR EE LD = L
. -k rm® B EEEERETTT=0 om0 e, =y r A [ ~ g
iiiiiii e T - a L e
....... rrld=wsa; mpmpk4d s 104 Bd - Bm A" FEFEFFER - - - "]

) SR R

7

Figure 2B

21 26

-----

..................... e mmmyq pFEE RNk hEEE RN

r
r
-

-------------------------------------------------------
T B . T R e e e . W R R N N N N R N I L N N N e A-J---a.a.il-ln-n.-.-
. 4 [E— P . .-
CRL N & e oa [- -
.= (] ' o
=1 an L s
- -
TR e .‘i-l'\-:"l-
-0 LR R
=" .- k. -
adl d 2. L. .
v ra == | . _ -
TR T 1 1 SO i
o m o= - - ko= = _ .
n S LI r
-- = - -
.d - LRI Il.,‘.
LR | -
2l
-
. d -
P -
ars
-
n sk
|~ om

4 =
I
-
"oy
.
LR |
- n
rpg
L I
= rond
-
- na
-
LB |
LIC I
LN ]
L]
aan
o
e
= = r Yy
LI |
LN

Py
4 4 a
T Err
d d
LI I
dd
& &
4 a .
" aam
aa
re e
LI |

-

L |
B 111
' + 111
1 = = .o
' a e ma
. s
. T Ewon
L LI |
I +FEg
"k -

= s m n FE®mE§ 5§
4 = = ETmaEoE

[
[ ]
.
(]
[
.
(]
=
For

.....................................................
......... 1imn FAA b T Tt DR, = P amoaw

"R LR EE N E N R RN R R R B ==-r =" e o=a
......... aadm Ae —p pgp B ldd m ek A= o - = rn *

Figure 2C

US 7,265,052 B2

(Prior Art)

20 \\\\\\\\\\\:\\\\\\\\\\\\\\ 21

R RN IR RN

26

F4 1 k&

------------------------------

EI B I
----------------------------------------------------------

.......

-
-
[ ]
-=
b
L
-

- -
P F
-l
-n
. -

Fmbr

LR

1o

[ I

LN .
.k A
a

-

" oa
==

114
+

44
L
4

'

—d -4 - amm

mmET LY T g EEEE PP R EE s omm =4y
-

.

-

-

-

_—

d
"
*
-
Ll

- a
rT

------------------------------

lllllllllllllllllllllllllllll

llllllllllllllllllllllllllllll

(Prior Art)

..............................

|||||||||||||||||||||||||||||



U.S. Patent

= F 4+ FE+%+4d¥EFEFE IR ASY F4 FIddeschhd s ha
# ¥ F 1 %% F EEEI &AFIJdd &%+ FEEdFFbBdad
EE%&d4d BN I NS d&d+adEI dd BdEd K

.

Sep. 4, 2007

AdAr I FFFAFFr e dodw
+ & EAEEFFEFFAEY N R F

= R mW E oy E N Py R Eg N W FY EEE S EFEErFES rFaEE PPy T EETEE FETE R

o bk bk Bk F &k Fdk hodoh A Ed B Jd R A EE B A s wEhod s ok d BN RdEd R A

d B & § 8 F o A F oo ok &Rk A A hEhd R R Rk b b N d s RS

-

L]

+

+

34

N\,

-+

F

F

*

4

+

a

+

A\

+

F

L J

*

*

*

Sheet 3 of 6

[ E R EE R EE T A R T T Y O
LA FE IR F D FE B EEF Ak ARl BN ERA A s B PN YUY RARE LEFET AR AAN
T E A gETEEE S RS FEEETREF WY FYF S EE RS YFFY BN I EEY FEREF&AETANN R Rk
L I O O O R I e A O I A O I T I I T I P

= = gy = § =y F¥FFYFFFEIFFPFERESd S FYSAE SRR Ad by sy SRR Rad R

Bk b B Ed s o dd s s s sk S " S NN RS S S N SRR LA SN J S ooy o rFr s EEE I

" amoa g

RN R REREERE R L EEEN EEN RN ERNE EENE L EENEEREE R N LR,

Figure 2D

US 7,265,052 B2

4 +hhdidbdmbdeorsmdtesmd sowrrms anbkbe ars mmms hoh I mhmm o nmoa bk o
L I BRI B B R N R B R i b F | mg s FpF pugd bd dk PA A e g
ARk A A bkt ddd ARkl dadrrdid s sl drrrarsa+ran

++ 4t ars 1 amrarrt e T T rTFIFTITTEREFOET AR R I REEOITA T R R TR COROES

R
" FFYysss I
Ak rdvryanrEn
T FEFRFAAN N &

kA A Bk bR FT Y PR F FET N A AR A RNk Ik PR WE NN AN Foakhok ok EnkFowomokok oy
" EEEy PN FFYEYF PR PRI FF RS P EE R R ARk p R 4 N Ad A Ak k Fhk e kel A
+ 4 d d A d 0 d Ak bk ko ok b hom 0 Em RS EE LA RA - AN Ly op ok omoT o

"W oL LR L AN LaE-d R -

(Prior Art)

SN\

35

\

DO

[ ] +* 4 n r L] o -+ [ * - L} - F & - - - - - - L] [ ] L] [ ] o + - 1]
- ¥ - - N N N N - N - = r - . N . - a - - - - - - - - r - - - n » . ™ » » - - » B . - o ] * * - * [] ™ 'Y » N - 4 - . a " -
L LI o+ .+ 4 d * - L] 4 L] LI & =- ] ] LI R o A - . - . - . = & = & * a * a r T = + = - - - r - ' - '
L] - L] = LI = k4 r - L] L L b k - - - - r 4 - L a r LI a L] L] r - B = ] ] I LI | | A | L T L] - LI R | - 1 " 1 1] -
L] L] = v F ® * T LI | 1 ] - ] 4 ] - * = . m » r A - - o & ™ r . . . I & B &} - d - ] ™ . u r w u r » " . 4 a M
L] . - = = = 4 = 2 a2 = = L = . - L - 4 - r - - r - - - r - ' - L] - - = r r - - - . L] L LI r w L] ] - L] LI | - + = L I | | I S
L L] * » L L + * 4 , L] L] L] L] 4 L] L] a L] - - [ ] L) F L + ] + 4 » - L) [] - + - [] - = a - » - d - Il - - - - . - - - . - a - .
& = L} F [} [] - [ ] [] [} [ ] L ] [] - [] - [ o » 'Y » . " - ™ - a F " ] - q r » - » ¥ a » d Y » F F N » r . - » - » - [ - 1 = n n n -
- - - - - - - r b - L] - - - - - - - L - L L L) L [ ] o * L} L] L] - [ ] + 1 a ] 4 L] [ ] ] ] ] » L] n - n [ ] r n [ ] -, 3 4 4 - 3
] L] L] L [] L] - - L - L] [ ] [] [ [] [ ] [ Fl n - n - n - = n - L - a a - - - - - - - - » = + ' + " - + + - r - - - - - ' - - - - ™
- L] L] r L] | I = 1 L] 1 - a ] 4 1 ] a - - » N A = =+ a = & » r n * - R U b - . - q " * u . ™ n a N 4 N & =
L] - , 1 u = = - L} L4 L] L} 4 L b . a - 4 1 r L LI | - r LI * LI L I | L L R LI | L] L I r 0w L] [l r " = 4 - [ | [ o
- + L] = - = - - ' = L - = - - = = - - - - - - r - L - L r L ] L | r r + 4 L] d ] - ] L] [} L] L] [ ] n [ ] L] [ ] L - 4 [ ] [ [ a 'Y - d
L] = L] + [ ] r + * +* T r ] L} L L} ] L} L] L] L] - [ ] 4 [ ] - - a +* - d - d - - - - a - = o - » + + * - - - - F - - - » - ' » - - + -
L] LI | 4 4 : r 4 4 ] L] a L] a L] LI L L | - LI B | LI B | I | [] ] ] 4 - L T T | LY r - L] r n n . 4 - &+ a = E 4 - * T
- L] - = + . L . , L] L L] + L] i * - L] - + L 4 - + 1 a + - * * [ ] - ] L] - * L ] - - - L] L] L] L] r L] - r - * - 4 - + - = a Y -
- = & = = g -~ - . = - = + =& & -+ r - - ' - . - = - - - = - - - = m = Fy w r LI L] L] r a 4 *+ = = - ] ] * [ |
- - - 1 . =, - = = L4 L . - L * 4 - - = s ¥ 1 . o+ 1 a4 L I L] n - r n * = " B 0w w ok d - - & = = = . - a - i a PR » a P
4 LI L LEEE L 1 L ] r L L] 4 * LI = v = @ E ¢+ F & B & & . r = r r ) 4 4 &+ =5 o - r " p = ] L] r ® - L] n n n l * - =
= - * - - - - - - - [ L] r - L] - r - u - Ll - L} &+ + + L] 4 4 d L] n -* [ ] L ] - - [ [ - = [ ] (8 i - [ ] L] - L] [ " 4 - [] - 4 [ 1] a 1] -
L] L] L] [ ] [} - - - 4 [ ] [] [ - [ El [ - - - - - = - . a . = - - - + - r r ' - - " - a + r - r - - - - - - - - - - - - - » -
- = L L] - - L - L] L » r r - u a L] L L] L L » L - L L] + - L] - L] - [ ] + - + ] L] + L] - L] » r ] r [ ] » L] -* 4 - 4 -* 4 - n - - -
- LI * = - - L] - LI L L] - 4 L @ = - F LI | F & & @ & @ r L} L] = i & 5 0w L} r L LI ] ] L] [ 4 #+ %+ = 4 a ] [
- - - Ll - - - - - - L] T 1 L] L] - L] - Ll - - L] - - L - - - - - L] L] - [ | L 3 L ] -+ - [ - - » q » F] [ ] r [ ] [ ] r [ ] Ll L | [ ] L | 4 [ ] L] L L] [
a L] a L L] L] L] - L] L ] + r - L] - - L] - = - m - + - L] L] + 4 L] - - . - - - - * - - - 3 - ) . - - - * - . - - - ' a a - -
- r L i - L] L] - - L L] L ] + n L + L L] L = - 4 * * & - * L + * L] - L] L] L | L] L - L] L] L] L] r » r - r r L] = 4 L] 4 1 [ 3 [ 3 [ ] - -
- - - - L] - L] - = - 4 * - L L] L - L - - L - - F L L] = a L] L L | [ 3 ] - * - - » ] [ L] [ ] & ] 1 n n ] L] + 4 r [ ] [ [ a * - [
* [ - ] - d = @ = - . - . - . - - - - - r 1 - . . r - ' . a * . . = - = - r w = u M » %= ® 2 B r * . = a " » B & 4 9w
L L a L] L] L L] = . = 4 - ] - L] - a L L] - - [ ] L] * * 4 ] L - * L] - § r . - - - - - - - - . - - - - - - - - - - - - - -
4 L] ] d - - - - - - L] » + 4 L} a L] Ll L] L] - L] L ] - [ ] L * d L] d - n - L] [ ] - El * [y - o - q » " L] - " » [ - L] - [] - n - - - -
- L + - - - - - - - - - - - - - - - - = - r L] + * 4 L} a L] L - - + - 4 L] - - - L] L ] r - r - E | L L I E | [ ] L] [ ] [ 3 n » - L
+ L] u L} L 4 L & - & L] - + 4 F L ] 4 - » - d - - - - - - a - a - 4 - - - » » » » . 2 - a4 - - » - - r r - - - " - a - - - »
L] * 4 ] L] L] L] L L - - - L] + L] L 4 L] L] [ ] T [} 4 [ L] [ ] [ ] a ] +* [ ] » » » 4 [ ] 4 L - » ] d ] L3 - - -» » - oa [ 3 | ] [ 3 + = - =
" 7 1 4 4 & F & & b 1 LI r L] o " & v # B 4 ®F & 4 41 1 @ = 0w . o+ = 4 * &= #% =« = | §g 4 ¥ ¥ F W 5 = = w T = 1 ¥ = +
[ = = . - - + - + = = - . - . - - - a - " - L] - 1 - 2 0= - - - r - 1 LI I g L] LI o L] . 0w LI - ] LI | . - -
] r L] 4 Ll 4 Ll - - L] L] - L L] " L | 4 L] L] - L] * [ ] »- [ - L] n [ ] ] - ] a - - = - - » a a + 4 1 [l - ¥ - - 3 - - - - - . n n - -
- L v . ’ v - 4 - - - r r = L] + 4 4 LI , LI i 4 LI LI | . ' - 1 4 a L - 1 L] = n rl L] [ ] . a L] » o4 r 4 -
. - - L] - L] - - - - = L] ] - - L) + - r 4 1 L} L] » r® L] 1 4 4 L] L] L] ] » | T | - » » 4 [ ] d r [ & * ] L) ] - ] L] L] - 4 ] ] * [ 3
- - L | 4 L] 4 L] + 4 - [ ] [ ] - = - - = - - . L] I- - [ - " L] L] L] = - + r - - - » - - . - 1 - L] T - - - L] - L] L] L] L ] [ r [ ] -
L] L] - 1 + 4 4+ 4 L] 1 r - b L] * L] - - 1 L] L] r = & LI | L] 4 ] i . - = = + r 1 N . 4 - E N & * . - . - . - . - - 0= . 4
- L L L ] ’ ’ , 4 L L] L - = L L * , r L - L] - L] L] L] 4 L] - n " - . r ] L] 4 L] - 1 - ] * L] - - - - 0w L] r r [] L] d 4 "
* - - Al r v r L - - o - - - hl - - - Al - - LA L L] " - a2 1 = = u LI T | ] - 1  * ® a 1 - LI . | " " ] I [ ]
L] L] [ ] L | [} L | L + 4 4 4 [ ] L] - L] - - » [ ] 4 " n - n [ ] L] - - - = F] L] - - » » » » » a il - . ™ - - - - - - + - - r - - - -
L] L] L] L] - - - , - a ] [ ] o L] L] L] L ] ] L ] 4 + ] L] L] ] L] * L] [ L} 4 L] - - = ] » 4 4 ] 4 » 4 » 4 [ ] - § - " - d - ] n - " » a
- - - [ ] L] L L] 4 4 a 4 &+ L] [ 7 L] a L] - L] n - L] - L] i L] - [ ] L | -+ - [ ] [ - [ . F ] - - ] - 4 L ] N o o [ - - - - [ . [ ] 4 r L ] - r
- [ - [ - [ - - - - [ [ - - - - - - - - 1 [ [ - - - - - - - - - - - » = - - " 4 4 o 4 [ ] &+ - - - [ [ - [ [ ] [ L] L] [ ] - [ ) - [

Figure 3A

O

- L | .

DN

r 4 L} [ F

DMANN

YV

- ' - - a = = - a . - r . a - - N . . - % . . a . - . - . - -
= a2 L] ] 4 + * 4 4 d - ] L] L] a4 u " [ P A - . - - . . . . . - .
- L 1 ’ 4 1 - ¥ =T ¥ ¥ ® L ] . L] 1 - . B w F 5 = - - F o + a - . = -
LI | L L] 1 -, * o+ a 1 L] 1 L 1 L 4 * a - a . 4 * P A * & » oo » - a . . .
- a - a - - = = = - - - a - om - . A - A . - . «- mfll e * = .- ® a2 . - R R a . . .
- T A om a = d = - = A = - - - 4
L L] L a - r n - r - ] L] ] ] ] 4 ] - a - a
L] L ] ] L] L] - -, - L L] +* [ ] » b a N ™ 4
L - - - - - - - - - r - " - - - - L ] - L ] Ll
- * r + L L] * L] , - L] 4 L] " ] 4 ] - -
] L] - ] L] - u L - = F = F r 4 - - ] - ™ 1
L LI | 1 , 1 - LI | LI | ] 1] LI a - Y 4
- - . ~f = = r = = - -+ r . ' . . = * = =
L} LI | L | 1 - LI = v a L] LI - 1 " .
L | - r ufl 4 L] 13 = r L] ] ] LI | L B w a
- LI | + 2 1 1] | B = L I ] ok [ b " *
- . . - = & . - = a . - - - - . - . - - .
a LI b LI | 13 1 ] L ] L] 4 . = r - .
L - +« a2l =  a * % L] 3 L] [ =- ] 4 - . ™ X
- T = . o= ' - . 1 T r - n r r - 1
a L LI | 1] P | L L] 3 L] r L] ] A - - - .
- 4 + a + 13 | I " 1 LI | = & = r ™ r
a - L] ] K = 4 * = L] 3 L] . L] . ] ] ™ * ™ ™
- TR ' . . a a . -+ . . . TR . . * r
- 1 “« & LI | & ] ] 4 . 4 ] LI | = » » .
a 4 & [ b - 1 * LI | | I L I | = 3 r r
- d - 11 - 4 LI ] [ ] . [ ] d ] ™ ™ ™ *
- a & - . * a - a a a - - . - "
- . - 1] W] - & ] ] - . ] . ] » ™ n .
. o ] . . [l - LI | LI 4 F r . r
- . ™ . - ™ - = - . - . - . - . - ™ ™
- d = . . . - . - 4 a * * 4 & = - .
L] L] L] L] r L] L] L] L L] L] L] L L] L L] L] + L]
L L] L r r L} L] L a - L - 4 L] L ] ]
+ - -+ . - - r - - - + - + . + g - = -+
L] [ ] L] r - F d 1] [ ] L ] Ll L ] -+ L] & = L]
L] L] [ ] L] [ ] [ ] - 1] L] [ ] r - = [ ] = L] L} Ll L] L]
L] L] ¥ r L ] 3 r L] ¥ - L] - - L L] L] L] L] r
- - L] . r LI . L] r L] - - - - ¢ - 4 - L]
L] L] r r a 3 = 9 L] 4 L] - L] r L] ] L] ]
L - L] LI L r L] r L] ’ ] ] - L] L] ]
a L I b =+ * ] * L] ] L I 4 " L} r 13 ]
- . - = = a . . - a - a . . - 4 - -
L} L] " r [ ] 3 - ] L] ] L} ] + ] L r L r
- 1 ] r ] LI | r ] - d ] L] ] ] - - 4 L]




U.S. Patent Sep. 4, 2007 Sheet 4 of 6 US 7,265,052 B2

34 32

34 36 36

AR AR

[ ] r L] L] 1,.‘1 ....‘. [ ] [ ] - L - [ ] L] Ll d [ ] & L L] :"1 ' [ ] L] - [ L - [ ] [ ] - - + 3
L] r i ] L] -‘ ™ - ] * ] [ ] L] L] L] L] u L] L L * 1] - [ ] L] - r - - ] ] -
[ ] 4 - - [ [ ] [ ] ] L ] [ ] - - - [] L] [ ] [ ] * [ ] - Ll ¥ [ ] [] L] L | + [ ] & L [ ] L -,' W - - a - [ ] 4 - » a - W, » u ] 4 a - - " -
a 1 a4 * B | | F 4 ¥ B = a4 = L] | I | '_1 ‘ - + = ° r | . 1 " = - = = - ‘ ‘ - * & * B ¥ . * B n B w = 1 = & B o ¥
. .-'-. a a .. - = - - - - = ‘ , .1 B i + - - = - - - 4 - - - - - T - o - r =

= = a2 & 4 & x m =

@ B & & F OF 4 A OB
- m 1 % ® ®w ®§E ®E % B ®E B & 4 F k& ®m mE E & 3

- - ] u u n u ] 4 L ] o - L] - [ - [ ] - L] -

"
L]
+

&»
]
]

»
*

*
s

-
L
L}
L
-
]
L]
-
L |
L}
-
r
r

A
#

e
L

»
[ ]

a
&
»

-:q n: ‘‘‘‘ ‘ '1.: :’: """
O | b . &%

»
&

b
F

-
F
-

L )
-

-

» .4 Ay T ..ttt LT L L
-1-‘ ;‘:l I"l

-
A

w
e
PN M
MR
pC

"o

39

"+;lr
F
> 9

'.-
*

L J
9
-
[

&
>
>

L L |
e il
- -
Y
-
N
-
E 3

¥
*,
*
.

L

-
-
L
i,
-
il

.l.‘r.ﬁ

A
A
>

-
F
-
]

.
+*

4
;
> W

-
-
¥

L
-
L]

A

-
ik
>

o

&
-
]

s

-

.

*»

_;-r
»

-
L]

]
L]
L]
L]
1
]
L]
-
d
a
]
]
-
L]
L |
-
]
]
-
]
]
]
+
a

i

CW )

o,
>

: . > :
N O N N N SN M S M S S R N N S 0 S N 35 SN S S S AN ASASRAN AR AR RAR AR RDL AR AL XA LR A R XX

38
” Figure 3C > 30

32

34 36 O 36

LI d + = + :

. [ I | = ™ . ™
Yy 1 - - * & . * & =
. = om LI L] r - - 0w 1 r = ] | I | ] =

]
]
-
L]
] L]
]
(] ]
.
] ]
]
L]
]
-
]
(]
1
]
]
1
A
il
- 'I-‘
L]
.
]
a
]

gl iy Ny

[
=
-
[ 9
| |
L ]
[ ]
| ]
[ ]
| ]
[ ]
r
| 3
]
[ 3
1]
]
1]
| |
F
|
F
[
[ ]
[ 3
1
|
1]
| ]
K
alln
'
&
L

\
g

4
»
X
X

] - * L]

- - - - r = - .‘_" .,“ r',‘ ._":. -‘- 1 - I'l-"I'I -I‘.I+I.I-*-I-l-l.l.i.i-.l}
1-‘4-‘!' -l.-.' 'l'-'!'l‘lllllllil‘l +‘i .*"' 1“' .*'- .|' - B - - _'. - '__ - ‘._‘_‘ ‘.‘_ ._,-'
L] 3 . L | r ] L ] ] L] [ ] + = a L] ‘_‘ W ‘_ - b N oW r - o 4 » ] " F 4 " a 1 & " 4 g
£ T 4 - 1 + n r =T L] L | 1 4 ., ‘ ,' L] T = s ] L] 1 4 v u 1 4 & . & d s
- r * - r T L] r * r T - - = 1_1 .‘_ P.. .‘? A o= ow - - r * + n . = . £ # m R P

11- * r L | r L] r w ] L] . + L I | + u 1 LI | .*" .** *" .‘* - '- - - ’ -.-‘ i ‘-‘ T .‘ ” -.---p _-_
r » L] L r - L] ] - = 1] L] [ ] 4 L] a 4 a *_ *_ "" .‘ ] - [] » [ » [] L] L] ] ] * [ [ ] - Fl a
’ r r LI r r & = 1 L] ] + rF % £ w® 1 * 4 "' KA . .‘- = & 0w - - r &+ 4 F] . 1 [ ] = B
* F 1 , L] £ w r L I 1 F = 1 L] - 1 = ... ' "' AW a - " - s n ] r . = 1 P . ] - &
-.---.-- ---‘ -.---.--- -.---.---.- -.---.---.- --‘.-.-- --. b P . ‘ PR o= . - = . N r a2 + 4 » B = N -
+* ¥ b LI | r = o % 1 - [ [ r + u 4 - 4 ..I" .** .'1 .*-‘ 1.‘1.. .1. - ‘-----‘-'..'.. -'-- _-1.- I'...'...
LI 1 L I L] - % L I 1 L I | 1 T ¥ = | I . * ;.. .* r m b . = . ] 1 + a2 1 * 0w b a m -
| I " 1 L | k L] " = 1 ] ] 1 . n * = L] r - 4 i‘ B ‘ 1 - ™ * = 0% - s " = + - .. = & * *
r ¥ L r L] = oz LI L. ] 1 L] = =m | I | ._ ,,1_ 1' .".'- - = " - a M r 4 + a2 1 P . - & q -
- - - T - - - - - r |' L . ‘ - = - = 3 0w = a ] LI | + 4 4 . - N . » =
L] * L} L] L] =- 3 = = ] - . r = = ¥ L I ‘ * l‘ W) - 1 - * r T - -
LI r = Fr = = a L] ] " = d L] - r - . '] - = * - = = & a - - - L
- = = = » = r ] = s 0w " 0w I“ h* .,"* .‘1 L | - a L] r L] " = L] a4 4 L I ] -
= 4 ] L] ] ] = - = L + » L] L] ] [ ] [ ] [ ] |'l " . ‘ . - § | + - " " » - + ™ - » - Y - .
- - - - - - - r - - T - - - - ._ '. ,' L] - 1] L] + ] L] r ] L] L] L] 4 ] 4 + [ L] [
‘.i i'i' B ‘.il-l n.- b N '. B B B - "i .' .- .“ - - - - L L] r L L) L L] [ ] [} b - -

- - - - L] L] L] L] - [ ] - L) - - . " - - “ =
[ - [ L] L] F - [ ] ] [ » - - - - ] » [ "* .*‘ “* r“ ¥ - - - - * - ) - [ ] [ ] L] L] [ [ ] [ ] [ - ' [ * -
4 = [l - 1 b - L | - = . - = b LI L - & ' * I“ o 4 - d d ] - . r - - 4 r 1 - P N
o = . = = b - & . * - - om - - - * I- ‘ 1‘ .‘ - - - a-r 1... -.-' -I'-|-Il 'r'-r. ‘i---llI-.I '-
“« & 1 - - ¥+ I b - b - a * = = '* .*‘ I.i .“ d -k i o= - - - - = a = . [ -.- a
- = * . * 1 = 4 ] 4 1 r [l - = - " = = l"' N ‘. ‘ 4 - & - - = r 0w " - u n - . "]
o A 1 & 4 * 1 + " b - b = 1 LI _- ‘ " d - . d * - - r - T 0w " r w 4 = = M n
'a.-. ---.-a |'a.‘...a‘-.'-. 3 a.‘l.-l.'l.-a. Fs a.-a.' .‘ " . ... ' - * 4 - - b * - Ly 1 r r L} * * L] L] L]
LI I & F ] L] ] 1 * I [l - I ] - 1 1 L I. .‘:. I"‘ .'. ' ..-;. ; .a -.-a. -a.-—- ....... +.......-..._*.
L] IPI‘I‘JLF I.I-.I'Il‘Illii-i-I- b I'l*lli-+++ . + l+l'lr ] - & L =- L] = pm = = 1 L I | -!.l- Ii F o n - . A » - & » - " - - = a a =

+ ’ L ’ ’ . 4 . . ’ . | ] ’ ’ . . ’ 1
KRR SR RO RO SOOI

'4‘.'.'4‘#'&':‘*'-.."1-! -*i'ﬁ""'ﬁ'ﬁ".l-'t'-.II-'-.-..‘i..‘-‘-‘..n.i'-.i'i P A L '4‘4‘1‘4“'-1‘4“'&‘.‘.‘1‘&‘.‘&'1‘1 i‘#‘l‘l‘i‘ 3 0

| I . . *  F . . = " -+ + 4 -

&

gl S8
-
*

40 38 38 38

Figure 3D

34 42 . 34 g 42 32

o/ "3 » -, - "
AN N\ B e
N N R o

AN

a Ll r
] r F [ L] F r L J

-

»

A

[ ]
..
L ik

L
»

e

-

i

'-I-
3

>

*
L

.-.:lu
N
e

Fs
-

L
*

L
-

-

+

[ ]

»

[ ]

L |

-

*

-
e
w_T
LBl
L]
-
-
»
[
1
L]
N
a
]
]
3
]

-
P s
L

L

l'--l.
b
L

& r P I 1‘1‘1-1.'-'. . .T.'. sLtLhLeut
l". T ..t i"‘. =k o+ o = s A . .'.'. . w
.*‘l "l". l.‘ ",.. "*‘l"“'"""‘ 'l"l"lr"*'-!“lllll ‘ rr ' -
.i h' I' * 1-'1- - - i-'-' n.- ' ' . ' "‘l-.l--h'
. % ot Qf o+
" ..." |" .‘.. ‘!'I-‘I-li'i-* -I_‘l-l-“lin'q‘--.-. * & F e o=
> A vt .« RN N N R e boe ot
... L ) oo L [ .
._"_ " I‘ [ | '-. ] L I " P - -
' ..'.. ..1 .ﬁ ..,l‘.',.q.‘|l l‘!l!‘i-.i'-‘-.i‘x ‘-.
',,* .. . ' = L3 - ] , 3 M » » - - " a - . . 'l- -_ .
.“ '-.-‘ l"* '] - . - L P -
‘ d L - L L] - - - - - - n - L ]
" .'.‘ .“ "l." """"."‘*- lli"l‘- t-q -I-.i T
l"‘ ."‘l .“ .'.‘. "l'll'l-i*.I..rﬁnlnv;'qllil‘.“'.‘". -.'
"‘ ‘- l‘ | | T = ' . 4 r LA L] L} 4 d d i_.‘.l‘.h ._',l

d = [ a4 ES

X
e
T

L]

L
.
&

&

LI | 1 - * - &

il
]
.
3
1

4

1

L L T T T T T T T S
B L N I R T R T T R [ R T

- - - - -

O OO SO O I e o ¢ o e I S S o Ol 0 A I T I 00 0 O X O 0P e o 0 3 0

-

F Y
.

-

P g

L N 0 N S N 0 0 I S X S O 0 S 0 S SO S O N S S I S S M

40 38 38 38

Figure 3E



U.S. Patent Sep. 4, 2007 Sheet 5 of 6 US 7,265,052 B2

34 31

4
va

L
&

V//

»

- ¥ _ T L J

i‘.l.*-i-
-
T,

P 3 I OO S A A
//4
PP S O 0 L N e e

/7

L]

e
s
e

{30

-

L] L] [ * + [

L
[ R X X N 3

- w w W T ry9v YV

f:i:i:ﬁ

LR

AN

L L L B R A R R R A AR A N

P NP PN P P P M MM M i o Py ra s s s s s e e e s e e "

AL L ELL LI E L E L LA L ELRD.

¥

L
-
»

[ ] i
PO g NP P M P P i P P R PP 3 0

.
-
o
oo

38 38

Figure 3F

41 43 34

44
42 44

i I N P e e e R R e L N I A e R L L L R N R N R R U L

L e AL O O L BE BE L ML BL AR B ML Ol b B NN BEAL ML AR N O B L M MR L L R N N BB N K M M A M BN M X N N N R
e —— e - r PR —— r 1w

-
- - - - - - - -

SEEEEEELEEENR

AN Nd2EN
ol R

T O G O G O 0 3 S e B e S |

-

LA 8 B 0 b 8 00 08 088006048

- - - - - - - " - - -

‘:llIl-

»
* &

FREN W N J
.'II"'
*y

L

]
[ )

MR I I R
Y /
ol 0 SC N 3 S e e et

b
[ ]

o

L
5
| J

e

X
*
w

L

Bath

o

.
F
."‘

b %
w
FY

b . "
4 " T“' [ ) ‘!

o i

F
.,
-
i
-
-

»
A
*

-
o

A

-

[
L
F

-

-,

Lelelele 0 eleld 0 0 0]
Jﬁhjdé
R AANIANI T NN I

-
L J

»
*
»
L
.
.
*
.
]
-ﬁ:--llr
-
r

* d L] d +

L

Ll =
- [ - a r L] L L] L] [ ] - r [ [ L]

THATeTe e TeI0 e Ie e e leto Tl o1 )

L
Y

o

L

e . '1'\\\\\\L

. . . "‘l
LIS L R L L BT N T TR R T T T R T . e " - L ' -
;hhhhhhhhhhhhhhhhhttuﬂ.é&__._--_i UG O O O e a0 S S e M I O
NEE AR EEr. N

H
*
X
‘¥
.:!
2
4

40 | 38

42 43 38
Figure 3G

e
—

32

38

A E R AR X B A N B E B N 0 O N N N N NN ENEY Y YY Y Y Y Y YE Y Y l .l: .lu i e A .l- -ﬁ- ol .-i-';'ﬂ‘ﬁ‘i*l‘l';‘l-I-'"l.i*i‘i*;'l'l'll'l- .#';.‘I*I* PP “‘-‘I* by ‘I‘i‘;".i.;fvll- .

L LB O W Y i & a
= = = = = - " " " " r " " ' FE T E 4 FE R 4B & F o» b 1 * L EoF 1 4 4 4 4 F L 4 4 = . - ] . Fr o+ a T T | i ] i 4 & F & m 9w u . a r a " T ¥ OF ¥ OFE F B B ™ , o+ , + . X a
* * - 4 - - T T = = = = = =2 ¥ 3 £ °r 5 @ ®B = 4 4 4 4 E & 4 k& F 4 4 w 4 ¥ 4 F ® E® & E 4 § F & & F 4 @ ¥ A& & & w & ¥ 5 T £ 1 @ W & W W s F o= NN+ Bk A [ P 4 a
ot toT ! T T ®m T m ®m ®m F ®m 53 ®m = 1 § 4 4 ¥ E 4 4 4 a2 & E & 4 & & 4 & ¥ & F B OF & T F & & h m & W 4 W A & m oeo® v o4 ¥ " " E ¥Y ®E 4 F B BN B 5 4 & 4 5 4 1 ® a
e AL L R R B L R S R R L R L L e D I T D D R T T N R R R D R D D T R I R R F o+ 4 0§ 4 4 ®F 4 4 m B H B 4 & . B P 1 4 a
- T - - T == ¥ =T ¥ = = = = =1 L L L L B a t 4 & w p w & & B ¥ F & & & & s F i 4 a4 = 1 o m om om 4 1 P & W W u B OB OF OE F 4 F 4+ »# P 4 4 a
Lttt ot " TR 4 2 s s 7 r = 2 @ ® F F = = = r = - = = ¥ 4 F & 4 B kB § = & & & 0 ] I 2 & & 5y 5 @ 1 F + + 4 E 4+ + F ®m ¥ & F m 4 F F &+ & 1 4+ &
L Lottt . v ® = - - T £ = ¥ = = = = 1 - - L r 4 FoF 4 & & A m ok ok R LI | u rF 4 = 4 = s = o o+ ¥ r ] * ¥ &4 F ®E B B F B 1 ] u . ] + i ] ]
.ot omos s - " - - .ot - * - - - - v - r T ¥ = = = = = - - r = & = a2 B o = o ¢ & 0 i LI B L L R R + 4 14 14 L] F 4 E F ¥ E F + B . r ¥ - ] + =
R o o B A ! ! == = = == = = = = - - - - - r T - * f 2 m = oy = = oy = P = w - o = + 1 1w & + & T B W F F E F N F W [ T |
r e B s ' . ' ! == = == = = = - - - * - T LA r T m 3 W = = § = r or » = ¥ = 5 = » ] ¥ 1 L] 4 £ ®E & E F F + B ¥ ] ¥ r - i i + 1
P F F ® ® ¥ + + F & 4 F o a & a A = & a a o= 4 - e = - =2 r * m o om o omom o= r = = - = o= a4 e . Lt .
R A L ! . - = e - - i v v = = v = = = x» w o v w®w 4 = = a2 = F P 1 4 £+ 4 ®w £ ®m F ¥ F §1 P F W ® i oo
1 o & 4+ 4 4+ 4 F L 1 F @ 5 & =W 4 [ B R | ] @ = o 2 = a &+ a a = a - PR . a - A e e o - - - - - e e e e e =
" r 1 + * 4+ 1 r 1 4 1 d - = T 1 ¥ % 4 L] * A = = a2 a2 a = " - - . - . - o e = - A & & e o4 o= e e a2 m e e e o= . .
L 1 s+ + 1 r L] L] L LI I | # 4 * 1 1 F = o= = a - & . - - . - - - . . . = - e a4 e e e - e mor e ow e e e = .
e L ! e R - - = s r T T T & - + * = * = F r v = o+ o+ - - 2 = & ¥ = =
= e ®* ¥ £ & = £ ¢ ®» 1 41 1 P F F 4 1 % 4 F & = g 4 4 & W 1 1 = 4 & F a = m = a m a 4 a2 a4 om s - - a4 - - - - - - .- e
= ® v = ¥ v r 1 ! 1 ' Y FOF 4 F 4 1 F N N L T T S S | ] = = = = & & - & & . - - e - - - . - - -
= = " " L ! * 1 F F &+ & & 1 r 1 1 LI P = & r om = = & = oa a - a - - - - - - o
- ® F 7 - 4 4 r ¥ 1 4 4 4 * F F & 4 = = v } F ¥ i 4+ & 4 A m w =y + i " % % 4 * A m w A m = a = a2 & = - 1 - a a . 2 o+ oa ¥
- = = ® r ¥+ + F §» F F } L . I T I B N LI 4 4 = 1 = = LI T | T Y = & % & A & A =m = = - = a2 m ®m a2 m m "= a2 a a &2 = ®m a a a a
*r = - = L] L] * ! + 4 * F 0 L | @ = & ] [ 4 d 4 & F 4 a * & ] L ] L] r a * 4 = = L =& a2 a2 = - = a = - A & & a1 a a "
- = r "'i' r r u u L ¥ k 1 * *Y + % & & F+& 5 = @ ] b 1 1 [l LI * a 4 = r 1 1 . w [l + [l A = = = A & = = = - A 0= a a A a2 & a4 a4 a a -
---- T a = |'|* rpr - ..'-_""_""‘_**. . = r o4 - - = 0w L L N D L A R R BT T T A ] 'R ) LI Y ' P a2 4 a2 " & W a 4 Fooa
- . P T + 1 1 1 . . o o+ o A & ._- -t * * N N - @ = o om ! 1 * = L - . = = = & 4+ F 1 r FP o= - ok 1 - R OF 4 A [ ] o d [
L r L 4 1 4 - - L] L} - L] L] 4 L] 4 - + » L ] d - » . - r * d ) a4 1 - - s » - - " [ ™ » - 4 El - [ r d
oL . Lot ‘,r f 1‘1-’1-'1-’1'1.“:-': e L L . P14 P + & & 32 m = w @ % w o§ ® 4 r * = 4 = = i I T T T B Y [ v
. - - - _ _ = = r r°0 v oo = & = = r o= [ L r = 5 a P T T T T ] » ® o = o= . P [ 4 " -
T T R N | 1"',r“+“**' T B v L oy = = 1 LA i+ # F = & = = a2 g @ 4 4 F o+ n LI | - 5§ = = = |1 = & " o & E 4 4 * = or
- = = a - - . s od o+ o+ '_- L ¥ * - = £+ + ¥ LA 1 4 1 1 + 4 u - - . r a2 - o+ 4 ] + ] 1 ] A = & 5 = & 4 - [] ] ] [ T [ T " - [ [ -
- - - " " - - - - - -_ _' * . k k L L - L} 4 r u 1 1 + d * + L} - - - - F ] - [ o [ [] - r 1 [ [] ] - [ L] L] n n + [ * ] [ - - . - r 4
A 4 - - - o= - . e e T T _"i"i"." * L L Fo1 4 4 @ &k w ¥ 4+ +# P ¥ & 4 N + ® F 1 F 51 §1 ® = § 35 % Forloo" r & om & oaom I T T o
- - a 1 * = 5 @» ®©» % r A 1 1 i 4 5 4 = ¥ = a2 4 4 * 1 F 1 1 I 4 " " F # * = = 5 ¥ ¥ LI R T | = & 0w " r 4
A 4 & 4 4 a a - = % o+ 1 . L L LI R e e e R O T T R T TR T S T P or a * O T - - - 4
o om o= ¥ LI r 1 | I I | LI b 1 3 b 1 £ = - = » w a M + o+ + + 1 " " P+ & ®m a = . " [ 4 - w om . n - . a
oLt T Lt - - - ! B+ = @ 4 F o+ k1 L L e e R e S R T T ] L] - L3 - ] L] I ¢ 4 A = m ok = g om . " r
L e + - 1 " " F * EB % B & F F F ¥ 4 4 * & . r * + & 4 4 = [ 4 ®m a2 m m a = N I 4 F B o =2 om & - s s oo oo 4 .
L e L T 1 L B Y I L R | FooA ] 14 R & ok = w4 * + 1 1 = M ¥ o - - N4 4 ok k m o= k= on oa ' .
.,'.-."*,‘*‘_-_- “' .|r|- "“"_"‘ T T LA LI I I I D T I D R T B N | I " 4 = = g a & [ LI T R R = = s W ow o p o " '
4 4 + 1 & % b = o= . . . - L r = = Fo=m ® @ & % 4 4 + = ¥ [ L] = = = ] [ 1 I + 4 = & & =m wmw w & p » . 4 ¥
s 1 @ 4 W @ & W om n oy o P - r v = L = = 3 = m =& m a2 A & + 4 ¥ w = = p = = 5 ¥ 4 F w4 & ko ow o oW oy » 4 "
- - - v - - o= - - = -
I 1 4 1 & bk a oa . r b ' b o o e e e . ot 1-_ . _1- I"'l |'+'+_-| 1 L] T, 1-_1-_ r ¥ 404 . -,i.-.-.i,-,.*..','.'.'1‘r"
R S T S — L.

30

Figure 4A



U.S. Patent Sep. 4, 2007 Sheet 6 of 6 US 7,265,052 B2

32
38 34 36 34 36 38

.

hoh IS I 06 b K BE JE b Kk 30 e 0

- n L [ ] [ [ ] k - [ ] - L] [ ] - n L] L] L] L] [ ] L]

4 ™ = = * § ®m ¥ T ®=m = ®=m ®m m g n . N =
4 1 4 ®m * B I # §I ® A & & i s m d & m &

4 +« ®m ® & § 4 & & & # & & mp w F w a Y
# 1 ®E & E & = & = B W g & B e = wm

4 & = = - * X2 4 = F o+ B = -

* ] L d L] - r L] L L] , - L] ]
13 - - - - LI - r . - r * T = -

4 - L] L] L] L] L] L] ] ] + L] - ] ] ] - L] - L] "
- L] L] i+ & ] L] L L] ] ] ] r L] L} ] = - ] ]

] - L] L L] + - L] (] - L} 4 - ] - [ - 4 " - ]
- - m & - = = o= - - - = 3 a = -

- ] - ] L] r L] - n L] n | ] [ ] [ ] [ ] L ] - [ ] [ | - [ |

' - = - - = = * r = L] " r = -
L L - L] - L] L ] - ] - ] - ] ] ] - 4 ] - ] - 4 a - - [} - [ 1 n F n

L - 4 - - " - - ] - ] ] ] ] - L] * L] L] - - r L] ] ] a L]
b - - - - - - - - L L L J - - L ] ] [ ] [ ]

- L ] ] L u - [ ] L] 4 - L] L] uh - - - - -
I * = 1 ] ] | I " ] LI | " » F oW [l n ] a

- ] . | = 1 = 1 ] [ . L. ] - 1 ] % *
..... = a - = - - a - - - - -

] d - o u - L ] ] L ] ] q o - L] ] [} [ 7 i
 ® 4 * = ] L] | . I ] » . n . % = [ L]

- - - = L - - - - - - - -
[ ] » - - - L] - [ ] - [ ] L] ] L] L] = L] - L] + ] - ] ] [ -

[ ] - [ ] * - [ ] d ] 4 [ ] -+ ] L] [] - s 7 r r ] 4 a [ ] L]
[ ] - [ ] - - [ ] ] a ] L 4 LI | L] + L L] ] L] - = L] -

" & & 4 ® ¥ F N 1 - - o= - - - a = -
* L] - L] + * L L} a L L] L} L] ] * ] ] a -

"= T & 4 % * 1 = d a " & . - . + n n -
- - - - - - + L J - - - - - - -

L I | * 4 n + F = [l - " L a [ + 1 " a - -
i ®+ w T = , I | ] I L] [ n B a [ ]

- - - - - L] - L] - - - [ ] - | | - [ [ ] [

- A

Figure 4B

34 36 34 36 38

. *
ATaratalstaTe"ava"a V% WYaTa e e :':_'# NSRRI A SN AR R AN IR RS N N N e X Y
. . . . . .",1,',".,".1‘ -:..l-'.r ‘ l' l-I-‘I'.l-l‘.l‘.i -'- I-l L] 1 I‘. I'-.i‘ a ."I'" b - . - R - . . - . + . . . \ . | - - - -
. ] . , ] .. l'*" *" N T " & @ & & & wm k& W & 4 a4 a4 ¥ ¥ = 7 “1 .,.I,. lill.l--l.i-‘l---‘i..-r-'p'lrl.-l-l-l-.lllii‘.i‘l‘.-
. . .‘.' I" II-|- L ‘--+-"r.--'-.-.-"-"'r-l.i.i*f‘i‘li -- . ‘ ‘ » B & 4 & & = o m = g w % = = a A = 0m . r
|‘1 1.:. = 1 4 & 4 F ® & F OF F B + B B 4 = - ‘*' .'l "‘""' --i-.-----.- _- !-l'l'n---q-.-.-,'.-
.“ I'. I‘q ..| .l‘-'-" .*.*'!-l"!'lll.l'i'i-'l. ...-'-.-'
39 ..' l:l- I" ..“' 1.‘....... '-l--! l|l- -.l- I‘I- -I-.i--l-‘-l-i---- - I
.‘ L. S T S .' .- 1‘..‘_‘. -#l'--'q-a'rl'-r.liq-‘l-i--.t--‘-'
....' Py -‘q I.'ll - LU T LT T T T LT
* U " “ ‘. "‘i...‘i"‘ li- a4 = L] r L] L] - - & - = - r -
l‘ . .‘ .‘ L L L L | L ] L] 4 ] d - - - L]
* ."l ‘ . '-.'.-'-‘!‘! L] ‘--'.! » a2 = ua - = oy 1 -
.‘ ."‘ .'.‘ L - L L] - L + !'i L] L] !'l_l.-l -I--i'l'-- = --
» ) " < :
e d ]
» Y

v
. )

-""
al g
w "'.- - _w
-I'F'i
-
] =
L
» -
F Ot
[ ] [
[ 3 3
k
L ] L]
-
- 3
a 1
L L]
a 3
Il a [
a d
- -
. 1
L] L | 1
4 L] [ ]
L]
L] ] L]
-
1 [} .
*
+ *
*
L] ]
] 3
» 1
1 ] 1
] 1
] L] ,
a L1
+« 1 b
L I | L]
a 1

‘. @ = = g » £ " *= 1 F § ®E 4 4 = = = -

'-'." F 2 .‘,‘ .‘l ""‘.‘""‘F -!'!"‘I’F'I*liiiiliii--rp‘p"
.'_“ '- -,‘ ] - 1 * [ ] - - n - n - L a a a - - - -
| BN | .‘, ' B 4 4 & & ¥ = w ®F o B N 4 F A m & m o+ wm

‘ ' l“ .. Ll - * L} L4 * L] L] L] Ll [ 1] - d - d - ] L] L]
L, UM | - > R - - . . s s - s e e
'*' .l.‘.' T“ “' l.‘l -'i' -* -- .!.-.P‘l‘l‘iri i'-‘i-'-‘p--.

&
L
>,
‘o'
1
d
b
L]

&
L
= m
r
=
]
[ ]
[
]
a
[ ]
4
+
-
-
L3
»
L}
1

a
X
>

*
k
M

L]
[ ]
-
-+
-

n

L]

3

-

4

]

-

-

]

-

-

P
e
DUR
-~
[ ]

L} 1
r k

r 1 L a L L r L L] - - ] L] 4 ] d
L I r = + = 0w - » » . = - -
- L] - - - - L] L ] [] - » L ] | | - L'}

-

F
-
=

T
O
-
E ]

L
|

*
"

-" "_. - » & - & [ u - - -

NN M N NN W AN S R S N N 3 2 e A o R I R . RO N I R N R T T YRSy

38A 38A

s

38A 30

Figure 4C

34 34
45 45 45 28

il

AV a e e e a s aTe s vV R T
.9.9.0.9.8.9.0.5.6.2.0.0.8.8.8.0.4.8.3. ) \'*.i.i.i.i.i.l‘i.....i,t.i.i.i.*.".*-i.i.t.t_t‘l “IT‘T‘T‘T‘T‘T T B PR PG oo arsr
LI 1 n ] - - r . - - + = * ® a - 4 - " "t . ' * £ " I'. li‘l I - - = . & -
A .‘- r oa » . '
* .

"o’

" a
4 ] + - , - F L ] a - L] ] + L] + - ]

n L} * L] - n L] L] [ ] - * L} L} L] ‘ ‘

- - b4 - - + ] 1 1 * + ] + '. LR

a 1 & i "y ok a Foor o ] + ‘ o

-
-
-
L]
[
-
a
-
-
-
.
n
a
-
-
+
-
.
L]
- .
&
il

- [ 1 1 ] - 1 - - = -
L | 3 1 ] 4 - +
= = 1 * ¥ F L] 1 L] + 4 1
L] 1 ] 4 4 - +
= 1 4 1 ] - 1 - " -
"
i = L ] 4 - L ] [ ] L ] 4 * - - »
-+ 4 a 1 . 4 & - -
- - - - = -
4 4 a 1 + 4 4 - -
] 1 1 - 1 . - d - - 0w -
-« = - - 0w ~ ~
- - - ] - 1 - - -
- - L] . L] L] r » 3 -
] » 1 L] - . . ] . 1 3 1
- = - r - r = - ' -
L 1 * * r 1] ] 1 b ] L]
L = . - 1 1 - 1 a
F - 1 + - r i d L . 4
R . " = . = a ' -
» T = L] 1 [ ] L] L | L] L] L]
] L] 1 - [ ] L L ] 4 ]
- - - - - r - - - -
L] - 1 r L ] L] E | 4 *
+ LI L . L L + . -
+ r + 1 1 Y + Il -
" PR - - a L a a =
+ r + 1 - - - Il -
- 1 - =- - L] * & L] =
T r . 1 * - = - . r
L] 1 [ 3 L] - l. 1 [ 3 1 r ]
3 + 4 » + o+ 3 . -
+ = » + - * +  * * .
L3 3 - L] » I 3 1 3
+ 1 * L v * * N 1 ] -
. 3 * 1 - P r . -
F - a - . - - 4 + *
' ] L] L] [ ] r r L] L]
= L] L] L] L] [ ] [ [ ] [ ] ] 1
' . . - - . X .
] LI L] v ] | .
Y
A T o w W o w o W m g m o W o W, wm m
/
'}""-"““'""‘l‘f‘i' »
TR T T T T T T E T Ty
.
.

2,
%

o M e N
00 3 et A NS

*-*- r* *!-1‘! 1--1- - N e+ 1-11 Poon 4 .‘

:l:l 'l+i:i‘-‘!"!‘l'i d = a'p'a- |-++ + I. ‘:i ‘.:‘ *1_ *
LI T T T T .-., .,.... “ [ M| P‘ s
a 4 4 1 * d - 0w - - 4 ‘_.'_ . n “‘ .‘-“ .‘ "'

[ ]
d
[ ]
-
=
L ]
T
[
-
L]
-
- -

%

»

- - - - - - - -

&
7

" " M ' » - " - - " - - ¥ '
Y0 N XIS 3E O X0 O S 00 O S S IR

‘_"'

* 1 P om . - f

SO
N X M X S S S I S O S M N S 3 0

[ - ‘.
IS I 00 O S I IC O TR I I l&\\

42 38 42 38

Figure 4D

RN
5 )

AN

7



US 7,265,052 B2

1

METHODS OF FORMING CONDUCTIVE
THROUGH-WAFER VIAS

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a divisional of application Ser. No. 10/267,822
filed Oct. 9, 2002 now U.S. Pat. No. 6,936,536.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This present invention 1s generally directed to the field of
semiconductor manufacturing, and, more particularly, to
various methods of forming conductive through-water vias.

2. Description of the Related Art

Integrated circuit technology relies on transistors to for-
mulate vast arrays of functional circuits. The complexity of
these circuits requires the use of an ever-increasing number
of linked transistors. As the number of transistors increases,
the integrated circuitry dimensions shrink. One challenge in
the semiconductor industry 1s to develop improved methods
for electrically connecting and packaging circuit devices
which are fabricated on the same and on different waters or
chips. In general, 1t 1s desirable 1 the semiconductor imndus-
try to construct transistors which occupy less surface area on
the silicon chip/die.

As mtegrated circuit technology progresses, there 1s a
growing desire for a “system on a chip.” Ideally, a comput-
ing system would be fabricated with all the necessary
integrated circuits on one waler, as compared with today’s
method of fabricating many chips of diflerent functions and
packaging them to assemble a complete system. Such a
structure would greatly improve integrated circuit perfor-
mance and provide higher bandwidth. In practice, it 1s very
difficult with today’s technology to implement a truly high-
performance “system on a chip” because of vastly diflerent
tabrication processes and different manufacturing yields for
the logic and memory circuits. Thus, what 1s needed 1s an
improved method and structure which continues to approach
the 1deal set-up of a “system on a chip” and thus improves

the 1ntegration of diflerent chips 1n an integrated circuit.

As a result, there are economic advantages associated
with forming a module or system from an interconnected
group ol different types of previously-tested integrated cir-
cuits (1.e., known good die). Further advantages can result
from mounting the different types of integrated circuits 1n
die form on a common substrate and then encapsulating the
composite assembly 1n a package common to all of the die
to form a module, known as a multichip module or MCM.
In MCMs, the die are interconnected to wiring formed on the
common substrate, also known as an interposer, using con-
ventional interconnection technology.

As the area of each die 1n an MCM 1ncreases, a mismatch
between the thermal coeflicient of expansion of the die and
the interposer becomes increasingly critical, at least 1n part
because the thickness of the material forming the die 1s not
increased as the area of the die 1s increased. One solution to
this problem 1s to make the interposer from the same
material that the die are made from, e.g., silicon. This allows
increasingly complex integrated circuits to be intercon-
nected without exaggerating thermal coetlicient of expan-
sion mismatch problems that could occur either during
packaging or as a result of thermal cycling 1n normal use.
Additionally, passive components may be formed or
mounted on the iterposer.
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FIG. 1 1s a simplistic, cross-sectional view of an illustra-
tive prior art packaging assembly 11. As shown therein, a
silicon interposer 10 1s positioned within an integrated
circuit package 13. An insulating layer 10A 1s formed on the
exposed surfaces of the silicon interposer 10. A plurality of
metal connectors 17 are formed on the interposer 10. A
plurality of conductive contacts 12 extend through openings
formed in the interposer 10. The interconnects 17 on the
package 13 may be coupled to the interconnects 17 on the
interposer 10 by, for example, a wire bond 19. A plurality of
integrated circuit devices 15A, 15B, 15C may be operatively
coupled to one another via the interconnects 17 formed on
the interposer 10. For example, the integrated circuits 15A,
15B and 15C may be, respectively, a microprocessor, a
capacitor and a memory device (e.g., a DRAM, an SRAM,
etc.).

One 1illustrative prior art technique for forming such
through-hole contacts will now be described with reference
to FIGS. 2A-2D. As shown i FIG. 2A, a plurality of
openings 22 are formed in a semiconducting substrate 20,
such as silicon. The openings 22 may be formed using
known photolithography and etching processes. Next, a
layer of insulating material 21 may be formed on the
exposed surfaces of the substrate 20. The layer 21 may be
formed by a thermal oxidation process or a chemical vapor
deposition process. Thereafter, 1if desired, a barrier metal
layer, such as tantalum, may be formed above the layer of
insulating material 21 and 1n the openings 22. For purposes
of clarity, the barrier metal layer 1s omitted from the refer-
enced figures.

The next process involves the formation of a seed layer
24, ¢.g., a copper seed layer. The copper seed layer 24 may
be conformally formed on the substrate 20 and 1n the
openings 22. The copper seed layer 24 may have a thickness
of approximately 20-100 nm, and 1t may be formed by, for
example, a physical vapor deposition (PVD) process or a
chemical vapor deposition (CVD) process. Thereafter, an
clectrical (electroplating) or chemical (electroless) process
may be performed to deposit the bulk copper layer 26 above
the substrate 20 and 1n the openings 22, as indicated in FIG.
2C. Then, one or more chemical mechanical polishing
(CMP) operations are pertormed to remove the excess bulk
copper layer 26, thereby leaving the through-hole contacts
25 m the openings 22, as shown in FIG. 2D. Additional
processing operations may be performed to couple one or
more itegrated circuit devices, e.g., memory devices, logic
devices, etc., to the desired contacts 25.

The above-referenced process flow may be problematic 1n
many respects for future technologies. For example, the
aspect ratio of the openings 22 will tend to increase in future
generation products. As a result, the conformal deposition of
the copper seed layer 24 may be more diflicult to achieve.
Such difficulties may lead to the formation of voids 1n the
contacts 235, all of which will reduce the efliciency of the
contacts 25.

The present 1invention 1s directed to a method that may
solve, or at least reduce, some or all of the atorementioned
problems.

SUMMARY OF THE

INVENTION

The present invention 1s generally directed to various
methods of forming conductive through-water vias. In one
illustrative embodiment, the method comprises providing a
layer of semiconducting maternial, forming a layer of metal
on a first side of the layer of semiconducting matenal,
forming an opening in the layer of semiconducting material
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to thereby expose a portion of the layer of metal, the opening
extending from at least a second side of the layer of
semiconducting material to the layer of metal, and perform-
ing a deposition process to form a conductive contact in the
opening using the exposed portion of the metal layer as a
seed layer.

In another illustrative embodiment, the method comprises
providing a layer of semiconducting material, forming a first
layer of insulating material on a first side of the layer of
semiconducting material, forming a layer ol metal on the
first layer of msulating material, forming an opening in the
layer of semiconducting material and the first layer of
insulating material to thereby expose a portion of the layer
ol metal, the opening extending from at least a second side
of the layer of semiconducting material to the layer of metal,
and performing a deposition process to form a conductive
contact 1n at least the opening using the exposed portion of
the metal layer as a seed layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be understood by reference to the
tollowing description taken in conjunction with the accom-
panying drawings, in which like reference numerals identify
like elements, and 1n which:

FIG. 1 1s a cross-sectional view depicting one illustrative
example of a prior art silicon 1nterposer;

FIGS. 2A-2D depict one 1llustrative prior art process flow
for forming through watfer contacts;

FIGS. 3A-3G depict one 1llustrative process tlow that may
be performed i accordance with one embodiment of the
present invention; and

FIGS. 4A-4D depict another 1llustrative process tlow that
may be performed i1n accordance with one 1illustrative
embodiment of the present invention.

While the invention 1s susceptible to various modifica-
tions and alternative forms, specific embodiments thereof
have been shown by way of example in the drawings and are
herein described 1n detail. It should be understood, however,
that the description herein of specific embodiments 1s not
intended to limit the invention to the particular forms
disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within
the spirit and scope of the imvention as defined by the
appended claims.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

[lustrative embodiments of the mmvention are described
below. In the interest of clarity, not all features of an actual
implementation are described 1n this specification. It will of
course be appreciated that in the development of any such
actual embodiment, numerous i1mplementation-specific
decisions must be made to achieve the developers’ specific
goals, such as compliance with system-related and business-
related constraints, which will vary from one implementa-
tion to another. Moreover, 1t will be appreciated that such a
development effort might be complex and time-consuming,
but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with refer-
ence to the attached figures. Although various regions and
structures shown in the drawings are depicted as having very
precise, sharp configurations and profiles, those skilled in
the art recognize that, 1n reality, these regions and structures
are not as precise as indicated 1n the drawings. Additionally,
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the relative sizes of the various features and doped regions
depicted 1n the drawings may be exaggerated or reduced as
compared to the size of those features or regions on fabri-
cated devices. Nevertheless, the attached drawings are
included to describe and explain illustrative examples of the
present invention. The words and phrases used herein should
be understood and interpreted to have a meaning consistent
with the understanding of those words and phrases by those
skilled 1n the relevant art. No special definition of a term or
phrase, 1.¢., a definition that 1s different from the ordinary
and customary meaning as understood by those skilled 1n the
art, 1s intended to be implied by consistent usage of the term
or phrase herein. To the extent that a term or phrase is
intended to have a special meaning, 1.e., a meaning other
than that understood by skilled artisans, such a special
definition will be expressly set forth 1n the specification 1n a
definitional manner that directly and unequivocally provides
the special definition for the term or phrase.

FIGS. 3A-3G depict one 1llustrative process flow that may
be performed in accordance with one 1illustrative embodi-
ment of the present invention. As shown in FIG. 3A, a metal
layer 32 1s formed on a surface 31 of a semiconducting
substrate 30, such as silicon. The substrate 30 may be a
standard silicon water that 1s commercially available 1n the
marketplace or it may be a sheet of such material. The
thickness 33 of the substrate 30 may also vary. In one
illustrative embodiment, the thickness 33 may range from
approximately 200-700 um.

The metal layer 32 may be comprised of a variety of
maternials, such as copper, platinum, aluminum, tantalum/
copper (bi-layer), and 1t may have a thickness 35 that ranges
from approximately 150-250 nm (1500-2500 A). In fact, for
reasons that will be understood after a complete reading of
the present application, 1n some embodiments, the metal
layer 32 may be made as thin as possible while still
accomplishing 1ts intended function. The metal layer 32 may
be formed using a variety of processes, such as chemical
vapor deposition (CVD), physical vapor deposition (PVD),
plasma enhanced chemical vapor deposition (PECVD), elec-
troplating or electroless processes, etc. Depending upon the
material selected for the metal layer 32, a separate seed layer
(not shown), such as a copper seed layer, may be formed on
the surface 31 of the substrate 30 prior to the formation of
the metal layer 32.

Next, as shown 1 FIG. 3B, a plurality of openings 34 are
formed in the substrate 30. The openings 34 extend from a
second surface 39 of the substrate 30 to the metal layer 32.
The formation of the openings 34 exposes a portion of the
metal layer 32. The size, shape and configuration of the
openings 34 may vary depending upon the particular appli-
cation. For example, the opening 34 may have a circular or
rectangular cross-sectional configuration. In one 1llustrative
embodiment, the openings 34 may have a width 27 that
ranges from approximately 30-80 um and a depth 29 as large
as approximately 700-750 um. The depth 29 will correspond
to the thickness 33 of the substrate 30. As such, the openings
34 may have an aspect ratio (depth over width) that ranges
from approximately 8.7-23.

The openings 34 may be formed by a variety of tech-
niques, such as, for example, a laser process, a dry etch
process, a photoelectrochemical process, etc., or a combi-
nation of these processes. Depending upon the particular
process flow selected, the metal layer 32 may act as an etch
stop layer. After the openings 34 are formed, a cleaning
process may be performed to remove residual materials from
the openings 34. The material used for the metal layer 32
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should be selected such that 1t 1s compatible with the
cleaning materials and processes used to form and clean the
openings 34.

As mentioned above, a combination of processes may be
used to form the openings 34. For example, 1n one illustra-
tive embodiment, a laser process may be performed to
remove the bulk of the substrate material within the open-
ings 34, 1.e., approximately 70-80% of the substrate material
may be removed using a laser process. Thereafter, a dry etch
process, with a removal rate on the order of approximately
2-3 um/min, or a photoelectrochemical etch process, with a
removal rate on the order of approximately 1-2 um/min may
be used to remove the remaining substrate material.

The next operation involves the formation of a layer of
insulating material 38 in the openings 34 and on the surface
39 of the substrate 30, as shown in FIG. 3C. The layer of
insulating material 38 may be comprised of a varnety of
materials, and 1t may be formed by a variety of techniques.
For example, the layer of insulating material 38 may be
comprised of silicon dioxide or paralene. In one particularly
illustrative embodiment, the layer of insulating material 38
may be comprised of a thermally grown layer of silicon
dioxide having a thickness that ranges from approximately
100-500 nm.

The next step mvolves forming a conductive metal con-
tact 42 (see FIG. 3F) in the openings 34. This may be
accomplished by performing a variety of different processes,
¢.g., an clectroplating process or an electroless plating
process. Since an electroplating process cannot be per-
formed on an oxide, a spacer etch 1s performed to expose the
bottom metal plate 32. For example, as depicted in FIG. 3D,
the substrate 30 may be positioned 1n a liquid bath 40 such
that the surface 36 of the metal layer 32 within the opening
34 contacts the 11qu1d bath 40. At that time, the deposition/
plating process 1s performed to form the metal contact 42
within the opening 34. FIG. 3E depicts the situation where
the contact 42 1s 1n 1ts mitial stages of formation. The
process 1s continued until such time as the contact 42 fills the
opening 34, as shown in FIG. 3F. The plated material may
be comprlsed of, for example, nickel, copper, silver, plati-
num or like matenials. Depending upon the particular pro-
cesses used, a separate spacer etch may need to be per-
formed to expose portions of the metal layer 32 within the
opening 34, e.g., in the case where the insulating material 38
1s formed by a deposition process.

Next, as shown in FIG. 3F, one or more chemical
mechanical polishing (CMP) operations are performed to
remove portions of the metal layer 32 positioned outside of
the openings 34 to thereby result 1in the completed metal
contacts 42 depicted in FIG. 3F. To the extent any metal
material 1s formed on the sidewalls 37 (see FIG. 3B) of the
metal layer 32 during the process used to form the metal
contacts 42, it will be removed during the CMP process.
After the structure depicted in FIG. 3F has been formed, a
layer of insulating material 44 may be formed above the
surface 31 of the substrate 30. The layer of insulating
material 44 may be formed of the same or similar materials
as that of the first layer of insulating material 38 described
previously. After this process 1s complete, traditional manu-
facturing operations may be performed to couple one or
more itegrated circuit devices 41, such as memory devices,
microprocessors, application-specific integrated circuits,
etc., together, as shown 1n FIG. 3G. These devices 41 may
be electrically coupled to one another by wiring 43 that 1s
coupled to the metal contacts 42.

FIGS. 4A-4D depict another 1llustrative process flow that
may be performed in accordance with one illustrative
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embodiment of the present invention. As shown 1n FIG. 4A,
the layer of insulating material 38 1s formed above the
surface 31 of the semiconducting substrate 30. In one
illustrative embodiment, the layer of insulating material 38
1s comprised of a thermally grown layer of silicon dioxide
having a thickness ranging from approximately 100-500 nm.
The metal layer 32 may, thereafter, be formed above the
layer of mnsulating material 38. Then, as shown 1n FIG. 4B,
one or more etching processes are used to form the openings
34 1n the substrate 30 and 1n the layer of insulating material
38 positioned within the openings 34. That 1s, the portion of
the layer of insulating material 38 positioned adjacent the
surface 36 of the metal layer 32 1s etched away.

The next process mvolves the formation of the layer of
insulating material 38 A on the surface 39 of the substrate 30
and 1n the openings 34, as shown in FIG. 4C. An electro-
plating process or an electroless process may then be used to
form the conductive contacts 42, as indicated in FIG. 4D.
After this process 1s completed, the portions of the metal
layer 32 positioned outside of the openings 34 are removed
by performing one or more chemical mechanical polishing
operations. Thereafter, traditional operations may be per-
formed as desired. For example, the excess portions of the
metal layer 32 may be removed down to the surface 45 of the
layer of insulating material 38 by performing one or more
CMP processes. Alternatively, the thickness of the metal
layer 32 may be reduced and left 1n place. The thinned metal
layer 32 may then be patterned to define the necessary
wiring lines for the various devices coupled to the substrate
30.

The present invention 1s generally directed to various
methods of forming conductive through-water vias. In one
illustrative embodiment, the method comprises providing a
layer of semiconducting maternial, forming a layer of metal
on a {first side of the layer of semiconducting matenal,
forming an opening in the layer of semiconducting material
to thereby expose a portion of the layer of metal, the opening
extending from at least a second side of the layer of
semiconducting material to the layer of metal, and perform-
ing a deposition process to form a conductive contact in the
opening using the exposed portion of the metal layer as a
seed layer. In further embodiments, the layer of semicon-
ducting material may be comprised of silicon, and the layer
ol metal may be comprised of copper, nickel or platinum.

In another 1llustrative embodiment, the method comprises
providing a layer of semiconducting materal, forming a first
layer of insulating material on a first side of the layer of
semiconducting material, forming a layer of metal on the
first layer of msulating material, forming an opening 1n the
layer of semiconducting material and the first layer of
insulating material to thereby expose a portion of the layer
of metal, the opening extending from at least a second side
of the layer of semiconducting material to the layer of metal,
and performing a deposition process to form a conductive
contact 1n at least the opening using the exposed portion of
the metal layer as a seed layer.

It should be understood from the foregoing that the
present ivention 1s not limited to silicon interposer appli-
cations. Rather, the present invention may be employed 1n a
variety of other contexts, such as contact boards, flip chips
and stacked chips.

The particular embodiments disclosed above are illustra-
tive only, as the invention may be modified and practiced in
different but equivalent manners apparent to those skilled 1n
the art having the benefit of the teachings herein. For
example, the process steps set forth above may be performed
in a different order. Furthermore, no limitations are intended
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to the details of construction or design herein shown, other
than as described 1n the claims below. It 1s therefore evident
that the particular embodiments disclosed above may be
altered or modified and all such variations are considered
within the scope and spirit of the invention. Accordingly, the
protection sought herein 1s as set forth 1 the claims below.

What 1s claimed 1s:

1. A method, comprising:

providing a semiconducting material having a first side

and a second side;

forming a layer of conductive material above said first

side of said semiconducting material;

forming an opening 1n said semiconducting material to

thereby expose a portion of said layer of conductive
material, said opening extending from at least said
second side of said semiconducting material to said
layer of conductive material; and

performing a deposition process to form a conductive

contact 1 said opeming using said exposed portion of
said conductive material layer as a seed layer.

2. The method of claim 1, wherein said semiconducting
material 1s silicon.

3. The method of claim 1, wherein said layer of conduc-
tive material comprises a metal.

4. The method of claim 1, wherein forming said layer of
conductive material comprises forming a layer comprised of
at least one of copper, platinum and nickel.

5. The method of claim 1, wherein forming said layer of
conductive material comprises performing at least one of a
chemical vapor deposition process, a physical vapor depo-
sition process and a plasma enhanced chemical vapor depo-
sition process to form said layer of conductive material.

6. The method of claim 1, wherein forming said layer of
conductive material comprises forming said layer of con-
ductive material to a thickness that ranges from approxi-
mately 150-250 nm.

7. The method of claim 1, wherein forming said opening,
in said semiconducting material comprises performing at
least one of a laser process, a dry etch process and a
photoelectrochemical process to form said opening in said
semiconducting material.

8. The method of claim 1, wherein forming said opening,
in said semiconducting material comprises forming said
opening 1n said semiconducting material while using said
layer of conductive material as a stop layer.

9. The method of claim 1, wherein performing said
deposition process comprises performing an electroplating
process to form said conductive contact i at least said
opening.

10. The method of claim 1, wherein performing said
deposition process comprises performing an electroless pro-
cess to form said conductive contact in at least said opening.

11. The method of claim 1, wherein said conductive
contact 1s comprised of at least one of silver, copper,
platinum and nickel.

12. The method of claam 1, wherein performing said
deposition process comprises positioning at least said
exposed portion of said conductive maternial layer proximate
an eclectroplating bath and performing an electroplating
process.

13. The method of claim 1, further comprising coupling a
plurality of integrated circuit devices to said semiconducting,
material and establishing electrical contact between at least
some of said integrated circuit devices via said conductive
contact.
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14. The method of claim 1, further comprising forming a
barrier metal layer 1n said opeming prior to said step of
performing said deposition process to form said conductive
contact 1n said opening.

15. A method, comprising;

providing a semiconducting material having a first side

and a second side;

forming a {irst layer of insulating material above said first

side of said semiconducting material;

forming a layer of conductive material above said first

layer of insulating material;

forming an opening in said semiconducting material and

said first layer of msulating material to thereby expose
a portion of said layer of conductive matenal, said
opening extending from at least said second side of said
semiconducting material to said layer of conductive
material; and

performing a deposition process to form a conductive

contact i at least said opening using said exposed
portion ol said conductive material layer as a seed
layer.

16. The method of claim 15, wherein said semiconducting
material 1s silicon.

17. The method of claim 15, wherein said layer of
conductive material comprises a metal.

18. The method of claim 15, wherein forming said layer
ol conductive material comprises forming a layer comprised
ol at least one of copper, platinum and nickel.

19. The method of claim 15, wherein forming said open-
ing 1n said semiconducting material and said first layer of
insulating material comprises performing at least one of a
laser process, a dry etch process and a photoelectrochemical
process to form said opening in said semiconducting mate-
rial and said first layer of insulating material.

20. The method of claim 15, wherein forming said open-
ing 1n said semiconducting material and said first layer of
insulating material comprises forming said opening 1n said
first layer of insulating material while using said layer of
conductive material as a stop layer.

21. The method of claim 15, wherein performing said
deposition process comprises performing an electroplating
process to form said conductive contact in at least said
opening.

22. The method of claim 15, wherein performing said
deposition process comprises performing an electroless pro-
cess to form said conductive contact in at least said opening.

23. The method of claim 15, wherein said conductive
contact 1s comprised of at least one of silver, copper,
platinum and nickel.

24. The method of claim 15, wherein performing said
deposition process comprises positiomng at least said
exposed portion of said conductive material layer proximate
an electroplating bath and performing an electroplating
pProcess.

25. The method of claim 15, further comprising coupling
a plurality of mtegrated circuit devices to said semiconduct-
ing material and establishing electrical contact between at
least some of said integrated circuit devices via said con-
ductive contact.

26. The method of claim 15, further comprising forming
a barrier metal layer 1in said opening prior to said step of
performing said deposition process to form said conductive
contact in said opening.
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